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al. (200a) observed coffee berry shrinkage.
Abbasi et al. (2009) scrutinized the
behavior of onion slice shrinkage during
the thin layer drying process. A similar
approach was also applied by Seifi and
Alimardani (2010) when examined the
relationship of the corn porosity and
moisfure contents.
MATERIALS AND METHOD
The research was conducted during the
month of June 2011 at the Processing
Laboratory of Agricultural Engineering
Department - Faculty of Agriculture
Hasanuddin University, Indonesia. Cocoa
samples were taken from local cocoa
famers in Enrekang Regency - South
Sulawesi. Five cocoa clones were used,
namely Sulawesi-1, SCA-6, DR-C-16,
ICCRI-04 and Sulawesi-2. The thin-layer
drying process was performed using a tray
dryer, Model EH-TD-300 Eunha Fluid
Science. Drying air velocity and
temperature were set to 1.3 m/s and470C,
respectively. Observations on dimensional
reduction (length, width and thickness)
using a vernier-caliper were conducted on
the elapsed dryrng time of 0, 1,2, 4,8, 17,
35, and 39 hours which provided eight
different levels of sample moisture
contents. Observed dimensional reductions
were then transformed into a volume
bei aluated
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shrinkage. The ratio of volume shrinkage
(volume at elapsed drying time divided by
the initial volume) for each cocoa clone
was plotted against the bean moishtre
contents. Bala and Woods, Correa et al.,
linear, and polynomial-quadratic models
were then fiffed to this volume shrinkage
behavior.
Cocoa bean volume was calculated
following the method used by Corr6a et al.
(2004) as follows:
V: (1/6) (n.a.b.c)
where:
V, a, b, and c are volume, length, width,
and thickness of the cocoa bean,
respectively.
The volume shrinkage (Vr) was then
calculated under the following formula:
Vr: V. / Vo , where
V- : Cocoa bean volume corresponding to
the moisfure content after the elapsed
drying time m, and
Vo : Cocoa bean volume corresponding to
the initial moisture content.
The relationship of the V1 value and the
moisture content (dry basis, d.b.) were
then evaluated using the following models:
behavior.Table I List of s Derns ev to t the cocoa bean shri
Equation Tas Mathematical Model
Rahman Equation ( I 995)-' vr: 1 - b.(u-u")
Adapted Bala & Wood's
Equation (19841.1
Vr: I - a. (1 - exp((b).(U-Uo)))
Corr6a et al. Equation
(2004).)
Vr:1/(a+b.exp(U))
Proposed Model Vs: a.U t b.U'* c
Source: Corr€a et al. (2004)
Uo and U are the cocoa bean initial moisture content (d.b.) and the moisture content (d.b.) at
a certain elapsed d.yrng time, respectively.
The equations were then evaluated using the
SPSS Software. The model with the highest
R2 value will be considered as the best
model to represent the shrinkage behavior of
the cocoa bean being observed.
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The behavior of the volumetric shrinkages
as shown on Figure 4 provided an initial
guess that their trends might follow linear,
exponential, or polyromial manners. This
was exactly in line with the four alternative
models provided above. Curve htting using
the SPSS Software under the non-linear
O Sulawesi 2
ASCA6
DRC 16
X ICCRI 04
X Sulawesi 1
regression facility was used to estimate all
parameters (a, b, and c) involved in the
equations. Their R2 values were also
calculated under this facility. The result
summary of this caclculation was shown in
Table 2.
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Figure 3. Cocoa bean thickness vs moisture content of five different cocoa clones
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Figure 4. Cocoa bean volumetric shrinkage vs moisfure content of five different cocoa clones
Table 2. The values of parameters involved in each volumetric shrinkage model being
evaluated.
Equation Tag b A C tr
Rahman Equation (1995f
vf :1-b.ru-u")
Sulawesi I -0.258 0.821
DRC 16 -0.2s0 0.928
ICCzu 04 -0.274 0.893
SCA 6 -0.298 0.873
Sulawesi 2 -0.315 0.907
Adaptsd Bala & Wood's
Equation (l9M).)
Vr: I - a (1 - exo((b).(U-Uo)))
Sulawesi 1 0.003 82.107 0.821
DRC 16 0.001 216.757 0.928
ICCRI 04 0.001 271.741 0.893
SCA 6 0.001 229.364 0.872
Sulawesi 2 0.001 234.681 0.907
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